Helical Reactor Plasma Projection Based on Experimental Data Analysis by K." "Yamazaki
§8. Helical Reactor Plasma Projection Based 
on Experimental Data Analysis 
Yamazaki, K. 
Helical confinement system has a great advantage for 
sustaining current-disruption-free steady-state fusion 
plasmas by external helical magnetic field with built-in 
divertor. To demonstrate this concept, the Large Helical 
Device (LHD) had started plasma operation from April in 
1998, and the LHD-type helical reactors such as Modular 
Heliotron Reactor (MHR) and Force-Free-like Helical 
Reactor (FFHR) are under design as an extension of this 
LHD physics concept. These have been designed assuming 
improved plasma confinement nearly two times better than 
the conventional LHD scaling. 
For the precise projection of the present LHD 
experiment data to the reactor regime, the experimental 
transport analysis using 3-dimensional equilibrium / 
I-dimensional transport code TOTAL (Toroidal Transport 
Analysis Linkage) have been utilized for the analysis of 
NBI-heated LHD plasmas. Time-dependent high-energy 
beam component and bootstrap current effects might be also 
included in this experimental analysis. The global data 
analysis suggested the weakly gyro-Bohm like confinement 
properties and - 1.5 times higher confinement time than the 
ISS95 scaling is obtained which corresponds to - 2 times of 
the LHD scaling value. Especially, the transport coefficient 
near the plasma edge is found smaller than the previous 
medium-sized helical systems. 
The new LHD experimental confinement sealing laws 
with and without Kadomtev's dimensional constraint are 
derived using LHD data and TOTAL code analysis, and 
these scalings are applied to the reactors to clarify the future 
prospect of helical reactors. 
In Table 1 several reactor design parameters are 
summarized for heliotron-type (MHR,FFHR) and modular 
stellarator-type (HSR,SPPS) reactors. Operation regimes of 
these reactors are clarified as functions of p. vs. v. and p. vs. 
~. The low v. regime have already been achieved in the 
experiment, but lower p. and higher ~ regimes should be 
accessed. Especially to extrapolate the present database to 
reactors, p. scaling is found to be crucial. 
In the reactor design the confinement enhancement is 
assumed except HSR. The required confinement time and 
estimated confinement times using conventional four scaling 
laws are also given in this Table. Using the newly derived 
sealings, the helical reactor parameters can be attained 
without confinement improvement. These scalings make it 
possible to design more compact helical reactors. 
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Table 1. Comparison of Reactor Design Parameters and Expected Confinement Times 
I Effective A1eating PONer (MN) 600 400 200 400 300 200 
I Energy Confinement lirre 't (s) 2.67 1.5 3.7 1.8 1.2 
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